review the empirical literature examining the relationship between students' cognitive skills and economic development. They also present new estimates of the effect of students' average scores on international tests and of average schooling attainment on national rates of economic growth. They interpret their statistical results to indicate that schools only contribute to economic development if they raise students' cognitive skills.
They then examine the level and distribution of test scores in low-income countries and interpret these scores to mean that many students completing early secondary schooling in these countries are functionally illiterate in math and science. They conclude that the quality of education in most developing countries is "truly dismal".
Hanushek and Woessmann raise the question whether programs, such as Education for
All, or the Millenium Development Goals, may be misguided because they focus on the quantity rather than the quality of schooling. They argue that the focus of educational policies must shift from raising years of schooling to raising students' cognitive skills. Unfortunately, they also report that in low-income countries most policy initiatives to improve student achievement have not been effective.
One interpretation of Hanushek and Woessmann's findings is that a simple expansion of existing schools in low-income countries is not a promising strategy for economic development.
But is this really true? Or are low-quality schools in these countries contributing effectively to economic development? This paper reviews the statistical analysis of the effect of test scores and average schooling attainment on economic growth in Hanushek and Woessmann [2008] . It also examines the relationships between schooling resources, test scores, schooling attainment, and national income across countries using a new cross-country data base on the net human capital stock. This paper argues that the growth model used by Hanushek and Woessmenn to compare the effectiveness of schooling attainment and test scores is not the most appropriate model for this comparison. It shows that when an alternative model is used for this comparison, years of schooling explain a larger share of the variation in national income across countries than test scores.
The new data on the human capital stock permit a comparison of the relationship between students' international test scores and a nation's human capital stock across countries. This comparison reveals that test scores and a nation's investment in schooling are positively correlated in countries with a human capital stock (from schooling) below $40,000/adult, but that between $40,000/adult and $125,000/adult, test scores decline with increases in the human capital stock. Even as test scores decline, national income continues to rise as the human capital stock rises. These patterns may indicate that schools contribute to human capital and economic growth in ways that are not measured by scores on tests of students' math and science skills at ages 9 to 15. One interpretation of these patterns is that test scores in elementary school are not a good measure of human capital across countries because in high-income countries most of the investment in schooling occurs at higher grade levels.
A surprising finding is that test scores are more highly correlated with a nation's physical capital stock than with its human capital stock. The countries with the highest test scores, countries like Japan, South Korea, Switzerland, and Singapore, also have the highest stocks of physical capital/adult. A possible explanation is that governments in these countries have national development policies that promote student excellence in science and math and investment in physical capital. These relationships in the macro data raise the possibility that Hanushek and Woessmann have misinterpreted the meaning of the estimated coefficients in their growth model. The analysis presented in this paper indicates that across countries cumulative investment in schooling is the schooling measure most correlated with national income. These results indicate that policies to increase financial resources for schools in low-income countries are likely to be a good development strategy. Incremental years of schooling appear to contribute to economic development because total investment in schooling rises with increases in the average years of schooling attainment. Simply increasing the time students are in school without increasing the total investment in schools is not associated with increases in national income.
The analysis also indicates that test scores explain less of the variation in national income than the other schooling measures. This paper is organized as follows. Section I reviews Hanushek and Woessmann's statistical analysis of the correlations between test scores and years of schooling and economic growth. Section II analyzes the correlations and the patterns between financial resources for schools, years of schooling attainment, test scores, and national income across countries in 2000.
Section III concludes.
I.
Review of Hanushek and Woessmann's Methodology Hanushek and Woessmann's [2008] conclusion that schooling quality is what matters is based in part on the statistical results from their economic growth model. They find that when average schooling attainment and student test scores are both in the model, that all of the effect on growth is associated with student test scores. They conclude that schooling contributes to economic growth, but only if it is raising students' cognitive skills. This interpretation of their statistical results is plausible, but only if their methodology is appropriate for evaluating the effect of these two measures of human capital on the rate of economic growth. Table 1 replicate their analysis for the model in equation (1), from which they conclude 1) that cognitive skills can explain three times the variation in economic growth that is explained by average schooling attainment and 2) that schooling attainment does not explain any of the income growth once cognitive skills are included. The difference in the variation in income explained between the models in columns 1 and 2 is not three times because the analysis is based on data for 39 countries rather than the 50 countries used in their regression, but the pattern in the results is similar. The second troubling aspect of their methodology is the structure of the model they use to compare their two measures of the stock of human capital. The growth model in equation (1), with an independent variable for initial income, is a reduced form of a Solow model designed to estimate growth during a period when the economy is responding to an increase in the rate of investment in physical or human capital [Mankiw, Romer, and Weil, 1992] . This model estimates the rate of income growth over a period in which growth is temporarily above the steady-state rate but is declining toward the steady-state rate. Conceptually, the human capital variable in this model should be the average rate of investment in schooling over the 1960-2000 period, not a capital stock at the beginning and/or the end of the period.
The dynamic process this growth model is designed to measure is shown in Figure 1 , which illustrates investment in physical capital and economic growth in Japan over the 1950-2004 period, using data from Penn World Table 6 .2 [Heston, Summers, and Aten, 2006] .
Between 1950 and 1968 Japan's rate of investment in physical capital increased from 13 to 32 percent of GDP, which temporarily drove Japan's rate of economic growth to 15 percent per year. Then between 1968 and 2004 the rate of investment in physical capital fluctuated, but remained at the higher rate of about 32 percent. Changes in the rate of investment in human capital from schooling, which also would have affected the rate of economic growth, are not shown in the figure, as Breton [2009a] shows that this rate was approximately constant over the period. 1 9 5 4 1 9 5 8 1 9 6 2 1 9 6 6 1 9 7 0 1 9 7 4 1 9 7 8 1 9 8 2 1 9 8 6 1 9 9 0 1 9 9 4 1 9 9 8 2 0 0 2 The Solow model predicts that after the rate of investment increases, economic growth rises above the steady-state rate for a long period of time. After the investment rate stabilizes, the transition to the steady-state rate begins, during which the rate of economic growth steadily declines and eventually converges on the steady-state rate. As shown in Figure 1 , the behavior of Japan's rate of economic growth over the 1960-2000 period is consistent with this pattern. force at the end of the period shown in Figure 1 , not during the earlier period when Japan's growth rate was exceedingly high. At the end of the period, Japan's growth rate was so low that it does not support Hanushek and Woessmann's hypothesis that test scores are correlated with rates of economic growth.
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Japan is only one country, and statistically it could be an anomaly, but the point is that the model in equation (1) is not the appropriate model for testing the effect of the human capital stock on national income across countries at a single point in time. The standard model for estimating this relationship is a production function.
The production function most widely used in the literature to evaluate the effect of the human capital stock is a Cobb-Douglas model that includes the stocks of physical capital and human capital:
In this model Y is national income, K is the physical capital stock, Hs is the human capital stock from schooling, L is the number of workers, and A includes other national characteristics affecting productivity.
This model can be estimated in different ways. One way is to regress income/worker on capital stock data across countries in one year. Another way is to use data for two different years and examine the effect of the change in the capital stocks on the change in income between these two years. This is the model used by Cohen and Soto [2007] to show that changes in schooling attainment affect national income. Given that Hanushek and Woessmann's average test score data are a proxy for the human capital of each nation's work force in a single year around 2010 or later, ideally the comparison of the effect of test scores vs. schooling attainment should be estimated using the model in equation (2) and cross-country data for 2010.
II. Comparison of the Various Measures of Human Capital
This section presents the statistical results for the national income model in equation (2) estimated in log form. The data set includes 39 countries for which data were available for three The net human capital stock (Hs/L) in 2000 for 39 countries is calculated using the perpetual inventory method described in OECD [2001] . National data on investment in schooling for the period 1960-95 are used to estimate 40 years of investment, the approximate period of schooling investment for the work force in the year 2000. The total investment is calculated using investment rates as a share of national income and income data adjusted for purchasing power parity from Penn World Table 6 .2. The investment in schooling includes public and private expenditures, foregone student earnings, and a carrying cost for interest on investment during the period students are in school. The gross human capital stock is reduced to account for financial depreciation over a worker's 40-year working life. The estimate for each country is a measure of the nation's actual human capital stock from schooling, rather than a proxy for it. The full documentation for the methodology used to estimate this stock is provided in Breton [2009b] .
The test score and schooling attainment proxies for log(Hs/L) are used directly rather than in log form. Breton [2009b] shows that schooling attainment is linearly related to log(Hs/L). The relationship is log-linear because investment per year of schooling rises substantially with increases in a nation's average years of schooling attainment. 3 The mathematical relationship between log(Hs/L) and test scores is less evident, but the log-linear relationship seems to provide fit than a linear relationship (See Figure 2) .
The proxy for the physical capital stock in 2000 is the cumulative gross investment in physical capital over the 15-year period 1985-99. As the income model is estimated in log form, this estimate is a reasonable proxy for K if it is proportional to the (net) physical capital stock.
While ideally the stock of physical capital would be estimated using the perpetual inventory method, different components of physical capital have such a range of working lives that this stock cannot be estimated using this method without considerably more information than what is available.
The dependent variable in all the models is log(Y/L) where Y/L is national income/adult.
Income/adult is used, rather than the income/capita variable used by Hanushek and Woessmann, because adults are more representative of the work force than the total population. Y/L and K/L are calculated from data in Penn World Table 6 .2. The data used in the analysis is presented in the Appendix.
The statistical results from the estimation of the model in equation (2) are shown in Table   2 . The results from the various regressions show how well each measure of the log of human capital per adult can explain variations in the log of national income per adult, with and without a variable for the stock of physical capital in the model. All of the models are estimated using OLS. Column 2 presents the estimate of the income model using the average schooling attainment proxy for human capital. The estimated coefficient on schooling attainment is significant at the five percent level, but most of the income variation is explained by the variation in physical capital. Krueger and Lindahl [2001] have previously shown that this result is due to the measurement error in the schooling attainment proxy for human capital combined with the high correlation between the stocks of human capital and physical capital.
Column 3 presents the estimate of the income model using test scores as a proxy for human capital. The estimated coefficient is not significant at the five percent level, and most of the variation in national income is explained by differences in the physical capital stock. The test score variable explains less of the variation in national income than the schooling attainment variable, as more of the variation in this model is explained by the physical capital variable than in the other two models.
Column 4 presents the estimates of the income model with all of the human capital measures included. In this model the estimated coefficient on the human capital stock remains relatively unchanged compared to its estimate when is the only measure of human capital in the income model. The overall share of the variation in national income explained by the model is the same as in the model with the human capital stock alone. Some of the variation that previously was explained by the variation in physical capital --that independent estimates of the physical capital share of national income indicate should by explained by physical capital --is now explained by the variation in the test score data. This result indicates that test scores are more correlated with log(K/L) than with log(Hs/L). An analysis of the correlation coefficients reveals that test scores have a correlation coefficient of 0.83 with log(K/L) and of 0.76 with log(H/L). The surprising implication is that test scores are a better proxy for physical capital than for human capital.
Columns 5-8 present the results for the same models, excluding the physical capital variable. This model has some conceptual validity, as Breton [2009c] has shown that in a global capital market, with investment in physical capital determined by its marginal product, the stock of physical capital is a function of the stock of human capital. In these regressions the net human capital variable continues to explain much more of the variation in national income than either the schooling attainment or the test scores proxies for human capital (91 percent vs. 70 percent).
Schooling attainment and test scores are similar in the amount of variation in national income they explain.
These results lead to a different conclusion about the relative validity of average schooling attainment and test scores as measures of human capital than the one reached by Hanushek and Woessmann [2008] . Schooling attainment is found to be a better proxy for a nation's level of human capital than test scores. The high correlation between test scores and national income is found to be due to the high correlation of test scores with the stock of physical capital, not to the correlation of test scores with the nation's stock of human capital. Figure 2 shows the relationship between human capital from (investment in) schooling and test scores across the 39 countries. Test scores rise substantially as human capital per adult increases from $3000/adult to $40,000/adult, but between $40,000/adult and $125,000/adult test scores decline with increases in the human capital stock (r = -0.40). In countries with a human capital stock above $40,000/adult much of the investment in schooling occurs in levels of schooling that are above the level where the students were tested for math and science skills. It appears that test scores are a poor measure of the human capital stock in these countries. Tables 2 and 3 suggest that income growth is tied primarily to increases in national investment in schools, not to increases in student test scores at ages 9 to 15. It is quite possible that the increase in income is due to an improvement in the cognitive skills of the work force, but this hypothesis cannot be evaluated with tests of students' capabilities that are given long before the students complete their schooling. Table 4 presents the results from an additional test of whether test scores or average schooling attainment are valid proxies for a nation's human capital stock. It shows the results of a regression of these measures on log(K/L) and log(H/L). The results in column 1 confirm that in a national production function, test scores are a proxy for the log of the physical capital stock, not the log of the human capital stock. In contrast, the results in column 2 shows that average schooling attainment is a statistically-significant proxy for the log of the nation's human capital stock. countries; test scores continue to be a proxy for the physical capital stock rather than the human capital stock. In this group of countries, however, average schooling attainment is not a good proxy for the human capital stock. In contrast, a nation's cumulative investment in schooling is a well-defined measure of a nation's human capital that is comparable across countries and over time. The superior capability of the human capital stock indicator to measure quality differences in the level of education of the work force is the likely explanation of why it explains more of the differences in national income across countries than the other measures of schooling.
As an example, the data in Figure 5 show that South Korea has the same level of average schooling attainment as other countries that have invested much more per year of schooling. Figure 3 shows that South Korea's level of national income is in line with its cumulative investment in schooling, which implies that national income is not tied to South Korea's average years of schooling attainment. This does not mean that additional years of schooling do not provide economic benefits in South Korea; rather it means that the benefit of an additional year of schooling is a result of the incremental investment normally associated with an additional year of schooling, not to the extra time that students are spending in school.
III. Conclusions
This paper reviews the statistical analysis performed by Hanushek and Woessmann [2008] that supports their conclusion that increases in the quality rather than the quantity of schooling are what contribute to economic growth. This paper argues that they did not use the most appropriate model for analyzing the relationship between a stock of human capital and income growth. It shows that a more appropriate model provides different empirical results. In this alternative model increased resources for schooling are highly correlated with income growth across countries. Increases in schooling attainment are also correlated with income growth but not as strongly.
Perhaps the most surprising finding in this paper is that the test scores of students age 9 to 15 are not a good proxy for the human capital in a country's work force. An analysis of the relationship between the stock of human capital and test scores shows that increases in human capital from $40,000/adult to $125,000/adult are associated with increases in national income but with declines in test scores.
Students' test scores are shown to be more correlated with a country's stock of physical capital/adult than with its stock of human capital/adult. As a result, while higher test scores are correlated with higher levels of national income, this correlation does not provide convincing evidence that students' cognitive skills are more important than years of schooling or greater school resources in promoting economic development. This does not mean that schooling's effect on students' cognitive skills is not the key factor determining whether additional schooling leads to economic development. It just means that a different measure of workers' cognitive skills is required to test this hypothesis. It appears that tests of student capabilities at the ages of 9 to 15 cannot reliably measure the capability of workers who continued in school until age 21 or longer.
Across countries average schooling attainment appears to be a much better proxy for human capital than average test scores, but since a year of schooling is not a precise measure of educational achievement, the average attainment data are of limited use for statistical analysis.
Average attainment is highly correlated with the human capital stock in the overall sample of countries (0.86), but the level of correlation is much lower (0.61) in countries with a human capital stock below $40,000/adult. This low correlation between a country's investment in schooling and its years of schooling in low-income countries may explain why increases in schooling attainment are not reliably associated with rates of economic growth in these countries.
The evidence presented in this paper does not change Hanushek and Woessmann's findings that cognitive skills related to math and science are very low in low-income countries, but it puts a different perspective on these findings. This paper shows that at the macro level increases in financial resources for schools are highly correlated with increases in national income. This relationship holds for both low-income and high-income countries. Schools in low-income countries may not educate students to a high level, but these schools do appear to contribute strongly to economic growth.
